Two hundred eighty-eight heifer calves in two 1-yr replications were used to test the hypothesis that ionophore (ION) feeding, anthelmintic (ANT) administration, or the combination (COMB) would cause heifers to express pubertal estrus at a younger age than control (CONT) heifers. Heifers were assigned randomly within three weight blocks in a randomized complete block design with a 2 × 2 factorial arrangement of treatments. A high-fiber diet was fed for 172 d during yr 1 (Y1) and 199 d during yr 2 (Y2). Monensin sodium (200 mg·animal −1 ·d −1 ) was fed to ION and COMB treatments and ivermectin (200 mg/kg of BW) was given to ANT and COMB groups at weaning and 84 d later. Rate of gain was monitored every 21 d and diet intake was adjusted to obtain equal rates of gain across treatments. Fecal samples were collected from onethird of the heifers in each group and analyzed for internal parasite egg counts every 21 d. Serum progesterone samples taken twice weekly were used to estimate onset of puberty. There was no treatment × year interaction in any parameter measured and the data were pooled across both years. Total weight gain was similar ( P > .10) for all treatments. Fecal egg output decreased ( P < .01) after initial application of anthelmintic. The ANT, ION, and COMB heifers had greater ( P < .05) gain:feed ratios than did CONT (.132, .142, and .148 vs .125 kg for ANT, ION, COMB, and CONT, respectively). Age and weight at puberty were different ( P < .05) for ION (425 d, 351.8 kg), COMB (425 d, 349.5 kg), and ANT (424 d, 348.8 kg) compared with CONT (433 d, 362.5 kg). There was no difference ( P > .10) in age and weight at puberty between COMB, ION, or ANT heifers. During Y1, but not Y2, there were a greater ( P < .05) number of COMB, ION, and ANT heifers pubertal before the breeding season. Additionally, there was a tendency ( P = .12) for higher first-service conception in the COMB, ION, and ANT heifers than in the CONT heifers. Final pregnancy rates among treatments were similar ( P > .10).
Introduction
Management considerations, such as nutritional manipulation or the use of ionophores or anthelmintics, may be used to enhance the efficiency of growth in a developing heifer. Ionophores have been shown to decrease both the age and weight at puberty when supplemented to prepubertal heifers (Moseley et al., 1977; McCarter et al., 1979) . However, to date little information is available concerning the use of anthelmintic administration and the onset of puberty. Purvis et al. (1994b) reported that oxfendazole increased rate of gain in the developing heifer, but puberty at the beginning of the breeding season was unaffected. The objective of the current study was to substantiate the hastening of puberty (independent of weight gain) due to ionophore supplementation and determine whether control of subclinical internal parasitism by anthelmintic administration would have a direct effect on age and weight at puberty. Additionally, the study was designed to determine whether independent effects on puberty caused by ionophore feeding and internal parasite control are additive when combined.
Materials and Methods
Two hundred eighty-eight crossbred spring-born heifer calves approximately 269 d of age were used in two 1-yr replications ( Y1, Y2) at the University of Missouri Animal Science Beef Unit in Columbia. Each year heifers were randomly assigned to one of four . The treatments were 1 ) ionophore ( ION) , 2 ) anthelmintic ( ANT) , 3 ) a combination of ionophore and anthelmintic ( COMB) , and 4 ) an untreated control group ( CONT) . Each weight block was randomly assigned to one of 12 33-× 20-m pens (12 heifers/pen) and had free access to water throughout the study. Experimental diets (Tables 1 and 2 ) were fed for 172 d during Y1 and for 199 d during Y2. Corn silage, cottonseed hulls, and whole-shelled corn was limit-fed as a total mixed ration ( TMR) . Diets were fed to achieve a target weight of 65% of anticipated mature body weight. Mature body weights were estimated from the average weight of the dams obtained at the time of weaning of the heifer calves. Heifers were also fed a .91-kg supplement daily to provide supplemental protein, vitamins, and minerals and to serve as a carrier for the ionophore. Supplement fed to heifers assigned to the ION and COMB treatments contained monensin sodium (Rumensin ® , Elanco Animal Health, Indianapolis, IN; 200 mg·animal −1 ·d −1 ) . Anthelmintic and COMB heifers received a subcutaneous (s.c.) injection of ivermectin (Ivomec ® , Merck AgVet Division, Rahway, NJ) at a rate of 200 mg/kg of BW at the beginning of each replication (Y1, Nov. 19, 1991; Y2, Dec. 5, 1992 ). An objective of the study was to maintain ANT and COMB heifers free of internal parasites. Therefore, due to a rise in fecal egg counts on d 63 in ANT and COMB (ANT, 1.4; COMB, 1.7; eggs/gram of wet feces) in heifers during Y1, a second s.c. administration of ivermectin (200 mg/kg body weight) was given 84 d after the initial treatment. During Y2, fecal egg counts did not rise after the initial anthelmintic administration. However, ivermectin was administered 84 d after initial treatment during Y2 for consistency between the two replications.
All weights were measured after a 15-h period of shrink with access to water but not to feed. Beginning and ending weights were calculated as the average of two shrunk weights taken 24 h apart. Additionally, heifers were weighed every 21 d to monitor gains throughout Y1 and Y2. To facilitate equal weight gains across treatments the TMR portion of the diet was adjusted on a percentage of BW basis every 21 d. During Y2, only 27% of the heifers had attained puberty by the start of the breeding season; therefore, heifers remained on treatments for an additional 27 d.
Feed samples were collected every 21 d, and a subsample of the diet was analyzed for DM (AOAC, 1975) . The remaining samples were dried at 55°C in a forced-air oven for 48 h. Samples were then ground through a 2-mm screen in a Wiley mill and stored for analysis. The ground feed samples were composited by sample weight for laboratory analysis, which included NDF and ADF (Goering and Van Soest, 1970) , except that decalin and sodium sulfite were omitted from the NDF reagent (Robertson and Van Soest, 1981) . Energy values for feed components were calculated using values in NRC (1984) and nutrient intakes represent the average intake per pen expressed on a per-heifer basis. Crude protein analysis was performed using the Kjeldahl N (AOAC, 1975) procedure.
Fecal samples from 33% of the heifers from each treatment were taken every 21 d and stored at 5°C. Egg counts were analyzed using the modified Wisconsin procedure (Bliss, 1989) for fecal egg counts by a specific gravity separation method using a MgSO 4 (specific gravity 1.25) solution. Differentiation of gastrointestinal nematode ova followed the method described by Dewist and Hanson (1961) .
Blood samples were collected twice weekly beginning when the average age of heifers within a pen was 12 mo. Samples were allowed to stand overnight at 4°C and centrifuged within 15 h to harvest serum. Serum progesterone concentration was determined using a solid phase [ 125 I] RIA Coat-A-Count kit (Diagnostic Products, Los Angeles, CA) validated in our lab (Keisler and Keisler, 1995) . Inter-and intraassay coefficients of variation were 13.2% and 6.3%, respectively. Puberty was defined as the first date when serum progesterone concentration was greater than 1 ng/mL followed by two consecutive samples with > 1 ng/mL serum progesterone concentrations, at which time blood sampling for an individual heifer ended.
Estrus was synchronized by two injections of prostaglandin ( PGF 2a ; .25 mg/injection) given 14 d apart beginning April 25, 1992 for Y1 and May 4, 1993 for Y2. Semen collected from the same bulls used for the clean-up period was used during the AI period. Heifers were bred by artificial insemination ( AI) by two trained technicians, 12 h after observed estrus each year. Heifers that had not exhibited behavioral estrus by 72 h after injection were inseminated by appointment, 72 h after second PGF 2a in Y1. During Y2 a majority (73%) of heifers had not attained puberty before the breeding season, and thus response to PGF 2a was minimal. Therefore, only heifers that exhibited behavioral estrus were inseminated and no breeding by appointment was done in Y2. Following the AI period, heifers were sorted into the appropriate sire groups for natural breeding (Y1 = 37 d, Y2 = 34 d). Heifers during Y2 that did not exhibit behavioral estrus or a rise in serum progesterone by 27 d after the second prostaglandin injection were not exposed to a bull. These heifers were fed for slaughter and excluded from further reproductive analysis. Firstservice conception was ascertained via rectal palpation 65 d after synchronized estrus in Y1 and 70 d after synchronization in Y2. Final pregnancy rates in both years were determined via palpation 70 d after bull removal.
For each response variable, a linear model was fitted to the data using the GLM procedure of SAS (1985) . Data are reported as least squares means with the exception of conception data. The initial model contained effects for year, treatment, weight block, breed composition, and all possible interactions among these groups. Heifer age at the start of each replication was used as a covariate in weight gain and puberty data. All sources of variation that were not different ( P > .10) were excluded for the final analysis. There was no treatment × year interaction in any parameter measured; therefore, the data were pooled across years. Weight at puberty was determined for each heifer individually by regression analysis of SAS (1985) using the initial weight, ending weight, and the 21-d weight data. Variables were fitted to a least squares linear model using GLM of SAS (1985) . Means were separated using orthogonal contrasts when treatment effects were observed within a model. Means for conception rate data were analyzed by a chi-square analysis using PROC FREQ (SAS, 1985) . First-service conception data were not pooled across years due to different management during the breeding season.
Results and Discussion
The average weight of heifers was 227.4 kg (Table  3 ) at the beginning of each study. Pooled mean initial weights among treatments were similar ( P > .10). Ending weights were different ( P < .01; Y1, 377.7 vs Y2, 393.6 kg) between years, but this was not unexpected because heifers remained on study an additional 27 d during Y2. Average daily gain was not different ( P > .10) between treatments during Y1 and Y2. There was a weight block effect ( P < .05) on total gain. Heavy heifers across all treatments gained more weight than M or L blocks (165.5 vs 156.4 and 153.9 kg, for H, M, and L, respectively). This may be attributed to larger heifers entering into the feedlot, thus requiring less time for adaptation. Additionally, H heifers may have simply expressed higher genetic potential for gain, independent of age.
Fecal egg counts ( FEC) were similar ( P > .10) between Y1 and Y2 at the initiation of both replications (Figure 1 ). After initial application of anthelmintic, FEC were decreased ( P < .01) in COMB and ANT heifers compared to CONT and ION females. Fecal egg counts in CONT and ION treatments decreased throughout the duration of the study, this may be explained by the breaking of the natural life cycle, due to the feedlot environment, which requires an infective stage on the ground (Meyers, 1988) . Combination and ANT heifers had lower FEC at each sampling point, even though CONT and ION FEC decreased throughout the trail. Fecal egg counts in the current study were below infectious levels of 200 to 300 eggs per gram ( EPG) . However, treatment with an anthelmintic, even with subclinical levels, increased feed efficiencies and utilization of nutrients from the diet.
Dry matter and nutrient intakes were different between treatments (Table 4) . Intake data represent the amount of nutrients required to attain the same overall weight gain between treatments. Dry matter intake and calculated energy values show that the COMB and ION treatments were more ( P < .05) efficient in nutrient utilization than was ANT. Anthelmintic-treated heifers were more ( P = .07) efficient in nutrient utilization than were CONT females. There was no difference ( P > .10) between COMB and ION heifers in DMI. Gain:feed ratios were affected ( P < .05) by treatment (Table 5) ; ION, COMB, and ANT heifers gained more efficiently than did CONT heifers. These data agree with previous studies that show both ionophore feeding and anthelmintic administration increase nutrient utilization in the ruminant (Rumsey, 1984; Potter et al., 1986; Holmes, 1987) . Weight block affected feed efficiency ( P < .05), but this was not unexpected because heavier heifers require more caloric intake for maintenance than their younger and lighter counterparts (NRC, 1984) . Average age at puberty was affected ( P < .01) by year (Y1, 412.0 vs Y2, 440.0 d). This difference between years cannot be explained from these data Figure 2. Mean day of age at puberty for heifers in each of the three initial weight groups (heavy, 261.9 kg; medium, 226.6 kg; light, 193.7 kg) when pooled across experimental treatments and years. a,b Bars with unlike superscripts differ (P < .01).
alone. Possible detrimental effects on reproductive function due to mycotoxins and gossypol levels in the feeds fed were ruled out after feed analysis on Y2 samples yielded negative results for aflatoxin, tricholthecene, di-acetoxy-scirpenol, ochratoxin, zearalenone, vomitoxin, citrinin, sterigmatocysti 4 and gossypol 5 levels, each of which was less than .01%. A potential cause of delayed puberty may have been that climatic conditions were greatly different during Y2 with above average rainfall, which led to muddy conditions in the lots for most of the experimental period.
Treatment decreased ( P < .05) age and weight at puberty in ANT, ION, or COMB treatments compared with CONT heifers (Table 6) . Combination, ION, and ANT heifers attained puberty 8 d earlier and weighed 10 kg less than CONT heifers. Weight block affected (Figure 2 ) attainment of puberty ( P < .05). During both replications, H heifers were younger and lighter at puberty than M and L heifers. Additionally, year by block and treatment by block effects ( P < .01) may explain differences in age at puberty between Y1 and Y2 (Table 7) . Heavy heifers for both Y1 and Y2 responded similarly to treatment, but in Y2, heifers in M and L weight blocks did not show a decrease ( P < .05) in puberty compared with those in Y1. This may be related to weight gain; H heifers gained more weight than M and L heifers during both replications. Therefore, response to treatments used in this research and weight gain may be linked in relation to puberty.
Conception rates are presented by year because heifers were managed differently between Y1 and Y2 (Table 8 ). There was no difference ( P > .10) between AI technicians during Y1 or Y2 for any reproductive parameters measured. More ( P < .05) ANT, ION, and COMB heifers than CONT heifers during Y1 were pubertal before the breeding season. Additionally, first-service conception tended ( P = .12) to be higher in ANT, ION, and COMB heifers than in CONT females (35.3, 32.0, and 30.0 vs 20.2%, respectively) . During Y2 only 27% of the heifers had reached puberty before the synchronization, and thus response to the two-shot PGF 2a was minimal. There was no difference ( P > .10) in number of heifers responding to synchronized estrus or first-service conception rates for Y2. Final pregnancy rates did not differ ( P > .10) among treatments during Y1 or Y2. Heifers that become pregnant early during their first breeding season will continue to breed early (Burris and Proide, 1958) and wean more pounds of calf during their productive lifetime (Lesmeister et al., 1973) . During Y1, but not Y2, there was a trend ( P = .12) for more heifers to conceive during the first AI; this was likely related to the increased number of heifers pubertal prior to the breeding season that were therefore synchronized for estrus. 
General Discussion
The benefit of ionophores to hasten puberty has been shown in numerous studies (McCarter et al., 1979; Moseley et al., 1982) . Additionally, the advancement of pubertal estrus in heifers fed monensin was independent of added weight gain caused by improved feed efficiency (Moseley et al., 1982 ). In the current study H heifers were the lightest and youngest at puberty, compared with M and L heifers, which disagrees with Varner et al. (1977) and Moseley et al. (1982) . This difference is possibly due to the difference in the rate of gain in the current study of .82 kg/d vs .58 kg/d found in Moseley et al. (1982) . The observation that in Y2 puberty was not affected in L or M blocks agrees with Moseley et al. (1982) , who found that heavy heifers, unlike light heifers, were affected by ionophore supplementation. However, during Y2 heavy heifers in COMB, ION, and ANT treatments were younger and lighter than heavy heifers in the CONT group.
Anthelmintic administration decreased both age and weight of puberty compared with CONT. Current literature concerning the treatment of replacement heifers with an anthelmintic has produced contradictory results. Block et al. (1985) found heifers treated with morantel tartate had increased weight gain and decreased days to conception. Additionally, Zajac et al. (1991) found no difference in final conception rates in heifers developed on pasture that were treated with ivermectin at weaning. Mukasa-Mugerwa et al. (1991) found control of endoparasites increased weight gain and weight gain affected the onset of puberty in Ethiopian Menz lambs. This reflects the importance of weight on the attainment of puberty but is not a true effect of anthelmintic administration. The current study shows that the onset of pubertal status can be affected by anthelmintic administration independent of weight gain. Weech and Whittier (1995) reported work in which heifers were treated with either ivermectin or albendazole at approximately the same prepuberal time periods as the heifers used in the current study. Ivermectin and albendazole are anthelmintics with different modes of action for removal of livestock parasites. Heifers in the study reported by Weech and Whittier (1995) had larger developing follicles, as well as a larger dominant follicle, during their prepuberal follicular waves than heifers treated with albendazole. These data suggest that ivermectin may play a direct pharmacological role in hastening puberty; both the ivermectin-and albendazole-treated heifers were free of parasites, yet the ivermectintreated heifers were closer to attaining puberty, as indicated by the larger follicles.
Many different factors such as breed, season, nutrition, or stress may affect the onset of puberty (Schillo et al., 1992) . The presence of a subclinical parasite burden will affect nutrient utilization and possibly alter animal metabolism. The host/parasite relationships are not fully understood to date; however, parasitized animals exhibit altered metabolism due to parasite presence and(or) increased levels of cytokines such as tumor necrosis factor (Elsasser et al., 1991) . The disruption of the glandular stomach infected with Ostertagia ostratagi results in decreased HCl levels and leads to increased peripheral levels of pepsinogen due to tissue disruption of the abomasum (Armour et al., 1979) , which leads to a decrease of pepsin in the stomach and alters protein digestion. Additionally, increased peripheral levels of cytokines in rats increase protein catabolism and increase glucose turnover (Tracey et al., 1988; Meszaros and Taylor, 1989) .
Increased cytokine releases in parasitized animals may explain the difference in nutrient utilization between COMB or ANT and CONT heifers. Even though the heifers in the study seemed healthy, subclinical infection affected nutrient intakes required to achieve the same live-weight gain. The immune system, or rather the energy derived for fuel to maintain the immune system, is integrated in the maintenance requirements of the animal (Klansing, 1988) . Therefore, increased maintenance require-ments of the heifers may account for some of the difference in nutrient intakes between ANT and CONT heifers.
The possibility exists that immune function and reproduction are linked. The observation that the thymus reaches its largest size in rats at the time of puberty and declines in size throughout their life may indicate a link between immune function and puberty (Morale et al., 1991) . Ivermectin, a GABA agonist that is a derivative of avermectin B1, has immunostimulatory properties; it increases T-cell-mediated immune function in CD-1 mice treated with ivermectin and challenged with sheep RBC (Blakely and Rousseaux, 1991) . Although the immune system and reproduction cannot be linked directly from data in the present study, it seems plausible that the immune function may be one explanation for differences in nutrient utilization, and possibly for the hastening of puberty in the heifers.
The treatment of prepubertal heifers with an anthelmintic and(or) ionophores may alter hormonal status and affect natural physiological maturity in the bovine. Elsasser et al. (1988) reported plane of nutrition and parasite status affected weight gain and blood concentrations of growth hormone ( GH) , insulin, thyroxine, triiodothyronine, and IGF-I. Ionophore feeding increased basal GH by 10.7% compared with that of supplemented animals (Plouzek and Trenkle, 1982) , which could affect the release of IGF-I from the liver. Additionally, blood glucose, insulin, and NEFA are affected by ionophore infusions into the peripheral blood system (Armstrong and Spears, 1988) . Hormones such as GH, insulin, and IGF-I are linked with intermediate metabolism and reproduction (Steiner et al., 1983; Harrison and Randel, 1986; Richards et al., 1991) . However, IGF-I concentrations in heifers in the current study were reported earlier (Purvis et al., 1994a) and showed no differences between treatments.
The hastening of puberty in the ION, ANT, and COMB are likely the result of different mechanisms, because the COMB treatment did not hasten puberty in an additive manner. Therefore, it is possible that two mutually exclusive pathways are being utilized to advance puberty in ION and ANT treatments. The possibility exists that anthelmintic treatment may alter metabolism and immune function directly via the drug or possibly via cytokine release. The possibility of a drug effect is substantiated by the data of Weech and Whittier (1995) discussed above. Donoho (1984) reported that monensin is absorbed and can be detected in the peripheral tissues. Therefore, the direct effect of ionophores on the hypothalamic/ pituitary axis cannot be ruled out.
Implications
In this 2 × 2 factorial experiment conducted in a Missouri feedlot and replicated for 2 yr that differed considerably in climatic conditions, heifer calves that were treated with an anthelmintic, fed an ionophore, or treated with a combination of anthelmintic and ionophore attained puberty at a younger age and tended to show higher first-service conception rates than control heifers. These effects were not related to live weight or growth rate. However, the mechanism(s) for hastening puberty remain unidentified.
